The reliability and validity of the abstract design version of the self-ordered pointing task (SOPT; Petrides, M., & Milner, B. (1982) . Deficits on subject-ordered tasks after frontal-and temporal-lobe lesions in man. Neuropsychologia, 20, 249-262) was examined in healthy college students (N = 170; M age = 21.6; S.D. = 2.8). The test-retest reliability (N = 93; M interval = 42.7 days) for SOPT total errors was r icc = .82. In contrast, the stability of other SOPT indices was modest to poor, ranging from .58 for span score to .12 for perseverations. Participants obtained two fewer errors when retested [(t 1,92 ) = 4.15; p < .001], suggesting a small practice effect (Cohen's d = .34). SOPT scores correlated with measures of working memory, verbal learning, visuospatial ability, and select aspects of executive functioning (i.e., strategy utilization and planning) but not others (e.g., cognitive flexibility, interference control). Reliability data better support the use of the total error score over other indices (e.g., span score, perseverative errors). SOPT performance appears more closely related to the construct of working memory as compared to executive functioning; however, the SOPT may assess some specific elements common to both constructs. The implications of these findings and suggestions for future research are presented.
The self-ordered pointing task (SOPT; Petrides & Milner, 1982) was originally developed as a research tool to evaluate the contribution of the frontal lobes to working memory. Examinees are presented with an examination booklet containing several sheets of paper. On each page the same set of items is shown; however, the location of each item varies randomly from page to page. Participants are instructed to point to a different item (e.g., abstract design) on each page without pointing to one they have touched previously. Instances in which a subject points to an item previously touched are scored as errors, and the total number of errors is typically used to assess SOPT performance (Petrides & Milner, 1982; Strauss, Sherman, & Spreen, 2006) . Success on the SOPT requires "that the individual initiate and execute a sequence of responses, maintain a record of responses, and monitor their performance" (Strauss et al., 2006, p. 471) . Researchers have also posited that planning and organization are required, as the SOPT requires participants to generate an internal (i.e., self-initiated) sequence of responding, rather than simply repeat an external response sequence as offered by an examiner (e.g., span tasks). Therefore, the SOPT is believed to reflect executive control processes involved in working memory and in regulating behavior (Petrides, 2000a; Rich, Blysma, & Brandt, 1996; Strauss et al., 2006) .
The SOPT is sensitive to pathology of the frontal lobes in humans, and studies using analogous tasks have demonstrated the sensitivity of this procedure to frontal-lobe lesions in non-human primates (for reviews see Petrides, 2000a; Strauss et al., 2006) . Moreover, PET studies of persons completing the SOPT show marked activation of the middorsolateral prefrontal cortex, a brain area historically associated with executive functioning and working memory (see Petrides, 2000a Petrides, , 2000b . Persons with known or suspected pathology to frontal lobes and associated subcortical structures (e.g., striatum) demonstrate impaired SOPT performance. These studies include patients with schizophrenia (Chey, Lee, Kim, Kwon, & Shin, 2002; Pukrop et al., 2003) , closed head injury (Schmitter-Edgecombe & Chaytor, 2003) , phenylketonuria (Channon, German, Cassina, & Lee, 2004; Smith, Klim, Mallozzi & Hanley; 1996) , HIV infection (Farinpour et al., 2000) , Huntington's disease (e.g., Rich et al., 1996) , and Parkinson's disease (West, Ergis, Winocur, & Saint-Syr, 1998) .
The SOPT has also been used to examine changes in working memory associated with normal aging (e.g., Chaytor & Schmitter-Edgecombe, 2004; Daigneault & Braun, 1993; Daigneault, Braun, & Whitaker, 1992a; Shimamura & Jurica, 1994; West et al., 1998) and much of this work has been reviewed elsewhere (see Bryan & Luszcz, 2000; Chaytor & Schmitter-Edgecombe, 2004 ). Examinations of age-related changes in working memory performance have led to the development of several supplemental scoring indices, beyond the total number of errors score proposed by Petrides and Milner (1982) . Namely, supplemental scores have been developed to assess the contributions of working memory span, perseverative behavior, monitoring problems, and proactive interference on SOPT performance (these scores are discussed later in this manuscript). In addition, qualitative indices for characterizing strategy use have been proposed (see Schmitter-Edgecombe & Chaytor, 2003; West et al., 1998) .
Although different forms are sometimes employed (e.g., Chaytor & Schmitter-Edgecombe, 2004; West et al., 1998) , the abstract design version is used most commonly. Several investigators have employed abbreviated versions of the SOPT (e.g., Bryan & Luszcz, 2001; Chey et al., 2002; Nyenhuis et al., 2004; Shimamura & Jurica, 1994) ; however, no studies have examined whether shortening the procedure has any subsequent impact on the reliability of the test.
The SOPT is relatively easy to administer and takes about 20 min for most persons including patients. Several indices are available that allow for the examination of both quantitative and qualitative aspects of performance. It is a potentially valuable tool that is highly relevant to models of working memory and executive functioning (see Daigneault, Braun, & Whitaker, 1992b; Stuss & Benson, 1986; Stuss & Knight, 2002) .
Despite its use by researchers, practitioners are reluctant to adopt this measure for routine clinical use. In fact, the SOPT fails to make the list of measures commonly employed by clinical neuropsychologists (Butler, Retzlaff, & Vanderploeg, 1991; Retzlaff, Butler, & Vanderploeg, 1992) . One obstacle is that the temporal stability of the SOPT has not been examined adequately (see Strauss et al., 2006) . At present, there are no published studies that examine the test-retest reliability of Petrides and Milner's (1982) abstract-design version, and the impact on reliability when the test procedure is shortened is currently unknown. A second issue concerns the lack of information about the psychometric properties of SOPT scoring indices proposed since the measure was originally developed (e.g., monitoring errors, perseverative errors, span scores, and proactive interference scores). A third issue concerns the lack of normative data for the SOPT. What data are available have been generated from a small number of healthy individuals who served as a control group (e.g., Bryan & Luszcz, 2001; Daigneault et al., 1992a; Shue & Douglas, 1992) . The only published normative data for young adults on the abstract-design version are that reported by Daigneault et al. (1992a) using 70 adults aged 20-35 years. Finally, there is a dearth of published reports on the association between SOPT scores and performance on other measures of executive function. Moreover, such studies are limited in that most have employed relatively few measures and have examined the SOPT error score only (see Bryan & Luszcz, 2001; Strauss et al., 2006) . This study sought to address the aforementioned limitations by examining the test-retest reliability of several SOPT scores and their association with measures of intelligence, memory, working memory, and putative measures of executive functioning in a large sample of healthy persons.
Method

Participants
This study utilized a sample of healthy, college undergraduates initially totaling 182 persons. Using a brief, selfreport questionnaire we developed to assess participants' health history and demographic background, individuals who reported a history of neurological disorder (e.g., head injury, epilepsy), psychiatric disorder, or current psychiatric medication usage were excluded from this study. Using the aforementioned criteria, 12 individuals were excluded from data analyses (5 due to learning disabilities and/or attention deficit-hyperactivity disorder, 4 due to a depressive disorder, and 3 due to an anxiety and/or eating disorder), resulting in a sample size of 170 persons. The majority of these participants were female (74%) and right-handed (87%). The mean age of the sample was 21.6 years (S.D. = 2.8; range 18-32 years). Most of the participants reported that they were Caucasian (77%), while the remaining persons reported African American (16%), Hispanic (3%), Asian (3%), or other (1%) ethnic identities. Participants were recruited from psychology courses, and each received extra credit toward their course requirements as an incentive to participate.
Ninety-three persons (55% of the total sample) participated in retesting, which allowed us to examine the test-retest reliability of SOPT scores (M interval = 42.7 days; S.D. = 6.4; ranging 22-63 days) and to examine further the association between SOPT scores and additional neuropsychological measures. The mean age of the retest sample was 21 years (S.D. = 2.9), and the majority of these persons were female (76%), Caucasian (79%), and right-handed (89%). This group did not differ from the total sample with regard to all demographic considerations. In addition, there were no significant differences between the test-retest sample (N = 93) and those who did not retest (N = 77) for age, gender, education, ethnicity, or WAIS-III Vocabulary and Block Design subtest performance.
Materials and procedure
After obtaining their informed consent, all participants were administered the following battery of neuropsychological measures at time 1.
Self-ordered pointing task
This study employed the abstract-design version of this task using the original stimuli developed by Petrides and Milner (1982) (see Strauss et al., 2006, p. 472) . Participants were presented with a stimulus booklet containing several sheets of (8 1 2 × 11 in.) paper. A set of abstract designs was shown on each page. The test was divided into four parts, each including a different set of stimuli. Each part differed in the number of items and contained as many pages as there were designs. The first part administered included a 6-item set of designs, and the subsequent parts had sets of 8, 10, and finally 12 designs. The 6-item stimulus set was presented in a 2 × 3 array, the 8-item sets in a 2 × 4 array, etc., as developed by Petrides and Milner (1982) . The presentation pattern (i.e., layout) of stimuli did not change on each page; however, the location of each stimuli changed randomly from page to page. Each part of the SOPT had three trials that were administered consecutively to all participants prior to the next part. Blank pages were place in the examination booklet to mark the end of each trial and section.
All participants were given the instructions listed in Strauss et al. (2006, p. 472.) verbatim. Briefly, participants were informed that each page contains the same set of pictures, but the place or location of the pictures was different for each page. They were to point to one picture each time the examiner turned the page; however, they were told to touch a different picture on each page. That is, the participants were told to touch each of the designs once, without pointing to one they have touched previously. At the end of each trial (i.e., when the participant encountered a blank sheet), he or she was instructed to "start over again beginning with a different one then last time" (p. 472). Participants were not allowed to start at the same location on each trial, in order increase the working memory demand on this task (Petrides & Milner, 1982) . For each trial, the examiner recorded the participants' responses verbatim using a pen and record form. The examiner turned the pages at a comfortable pace for each examinee; this procedure was not timed. After completing the SOPT, each participant was asked "How did you go about this task?" in order to determine the presence or absence of deliberate strategy use and, if present, to classify the various types of strategies employed (described below).
For each participant, the total number of errors across the four parts was recorded. In addition, several more recently developed scores were calculated. A span score, defined as the number of designs pointed to correctly prior to the first error, was also recorded (see Farinpour et al., 2000; Rich et al., 1996; Schmitter-Edgecombe & Chaytor, 2003) .
Based on previous work analyzing SOPT error distance, a monitoring score was also calculated (see Chaytor & Schmitter-Edgecombe, 2004; West et al., 1998) . Following the recommendations of West et al. (1998) , we employed a conservative definition of monitoring failure as the total number of errors that occurred three pages back or greater across all three trials of parts 3 and 4.
A perseverative error score, defined as total number of times a participant pointed consecutively to the same stimulus within a trial, was also calculated to distinguish between instances of repetitions that may reflect an inability to monitor the participant's own internal sequence of responses (i.e., forgetting), as opposed to perseveration per se (see Daigneault & Braun, 1993; Daigneault et al., 1992a; Schmitter-Edgecombe & Chaytor, 2003; West et al., 1998) .
A proactive interference score was calculated to examining the role of proactive interference on SOPT performance (see Schmitter-Edgecombe & Chaytor, 2003; Shimamura & Jurica, 1994) . This study used the following ratio to assess proactive interference: the total number of errors occurring on the third trial of parts 3 and 4 divided by the total number of errors on trial 1 for parts 3 and 4. Therefore, larger values will reflect greater proactive interference.
Finally, a strategy score was used to classify "strategy users" from "non-strategy users" and, if present, to identify whether such strategies were predominantly verbal versus geometric based (see Schmitter-Edgecombe & Chaytor, 2003) . Because the vast majority of participants were expected to report some form of strategy use, this data were reported for descriptive purposes only and not included in the correlational analyses.
In addition to the SOPT, all participants were administered estimates of general intelligence (WAIS-III Vocabulary and Block Design subtests; Wechsler, 1997a) , measures of working memory (WAIS-III Letter Number Sequencing subtest, Wechsler, 1997a; and WMS-III Spatial Span subtest, Wechsler, 1997b) , and verbal learning efficiency (California Verbal Learning Test-II (CVLT-II); Delis, Kramer, Kaplan, & Ober, 2000) at time 1. The nature, reliability, and validity of the aforementioned measures are widely reported and therefore not presented here (for reviews, see Lezak, Howieson, & Loring, 2004; Mitrushina, Boone, Razani, & D'Elia, 2005; Strauss et al., 2006) .
After completing the protocol at time 1, people were invited to participate in the second part (i.e., time 2) of the study, which involved the re-administration of the SOPT and further testing using additional measures. Given that participation was voluntary and some attrition was anticipated, we extended this invitation to all persons in the initial sample. This was done to ensure that the retest sample would contain a sufficiently large number of cases for correlational analyses. The administration of additional measures at time 2 allowed us to examine the correlations between SOPT performance and measures of intelligence and memory (via the time 1 battery), as well as the concurrent validity of the SOPT as a measure of executive function (via the time 2 battery). All reported correlations between SOPT performance and other measures were generated from baseline SOPT scores at time 1.
Participants who were retested (N = 93) were administered the SOPT and several putative measures of executive functioning that included the Controlled Oral Word Association Test (COWAT; Benton, Hamsher, & Sivan, 1983 Reitan, 1986) , and the Wisconsin Card Sorting Test (WCST; Heaton, Chelune, Talley, Kay, & Curtiss, 1993) . The order of test administration was counter-balanced to control for possible order effects. All tests were administered and scored in accordance with the aforementioned published manuals by well-trained examiners under the supervision of a Ph.D. level psychologist. As was done during the time 1 protocol, each participant completed a brief self-report questionnaire at time 2 in order to screen for health problems that met our aforementioned exclusionary criteria (e.g., head injury, learning disability). All persons who participated in retesting were without neurological illness, etc., at time 2. After completing the test administration, all participants were debriefed.
To reduce the possibility of Type I error, only one index from each neuropsychological measure was analyzed with the exception of four measures that included indices developed specifically to assess strategy utilization (i.e., COWAT Phonemic Clusters using criteria by Troyer, Moscovich & Winocur (1997) , CVLT-II Semantic Clustering, RFFT Production Strategies, TOH Planning Index). Because the present sample included young, healthy persons only, some performance indices were selected (e.g., WCST perseverative responses) over others (e.g., WCST categories and perseverative errors) in order to promote adequate variability and normality for analyses.
Results
Data were first inspected for outliers and departure from normality. Potential outliers were examined for using the procedure recommended by Tabachnick and Fidell (2001) , whereby cases with Z scores in excess of 3.29 (p < .001, two-tailed test) are potential univariate outliers (p. 67); all data were within acceptable limits with two exceptions. One case involved an unusually long time (in seconds) on the Trail Making Test-Part B. A second case involved an unusually high number of words generated on the COWAT. For these cases, each data point was assigned one unit larger than the next most extreme case in their respective distributions (see Tabachnick & Fidell, 2001, p. 71) . No violations of Note: SOPT-E = the # of total errors across parts 1-4; SOPT-S = the mean span score across all trials, span meaning the # of items pointed to correctly before the first error on a trial; SOPT-PI = the # of errors on trial 3 of parts 3 and 4 divided by the # of errors on trial 1 of parts 3 and 4; SOPT-PE = the # of perseverative errors (1 back in order from item last touched) across parts 1-4; SOPT-M = the # of errors (3 back or greater from item last touched) across parts 3 and 4. * p < .05.
univariate normality were found using conservative alpha levels (p < .01) for significance tests of skewness and kurtosis (see Tabachnick & Fidell, 2001, p. 90) . Descriptive data for SOPT scores for the initial sample (N = 170) at time 1 and retest sample (N = 93) at time 1 and time 2 are displayed in Table 1 . The mean SOPT errors at time 1 were 10.70 (S.D. = 5.6) for the initial sample. A practice effect was evident for the total error score as participants obtained two less errors on average upon retesting (t (1,92) = 4.15; p < .001). Although statistically significant, the effect size of this mean difference (Cohen's d = .34) is considered "small" (see Cohen, 1988) . No practice effects were observed for other SOPT indices (see Table 1 ). Those participants who were retested did not differ from the total sample for SOPT errors at time 1 (M = 10.74; S.D. = 5.84), or from those participants who did not retest.
Participants' mean number of errors was consistent across SOPT trials (e.g., for part 4: trial 1, M = 1.20; trial 2, M = 1.28; trial 3, M = 1.13). There were no significant differences in the number of errors found across trials for any part of the SOPT. The absence of significantly greater errors on trial 3 as compared to trial 1 does not suggest any significant build-up of proactive interference across trials. Although no mean differences across trials were found, correlations across trials were modest (e.g., part 3 (trials 1-3) α = .41, part 4 (trials 1-3) α = .52), a finding consistent with previous work (Bryan & Luszcz, 2001) . The low internal consistency suggests that the performance of persons can vary considerably across trials and therefore summative scores (i.e., reflecting totals across all three trials) appear necessary for adequate test-retest reliability (see below).
To assess test-retest reliability, intra-class correlation coefficients (r iccs ) were calculated (see Shrout & Fleiss, 1979) . Test-retest reliability coefficients for the SOPT scores are presented in Table 1 . As shown in Table 1 , acceptable reliability was observed for the total error score only. In contrast, the stability of other SOPT indices was modest to poor. SOPT span scores and preservative errors correlated with total errors at r = −.79 and r = .50, respectively. SOPT monitoring scores correlated with the total number of errors at r = .67. Proactive interference scores did not correlate with the total number of errors.
To examine the impact of shortening the SOPT on reliability, test-retest coefficients were computed for scores generated from trials 1 and 2 for part 3 (having 10 items) and part 4 (having 12 items) only. The resulting correlations were lower (e.g., r icc = .68 for total errors, r icc = .43 for span score, r icc = .40 for monitoring). The difference between the resulting reliability coefficients for SOPT total errors was significant (r to Z = 2.20; p = .014).
Correlations between SOPT scores and WAIS-III subtests, memory, and executive measures are displayed in Table 2 . Data obtained from the present samples were commensurate with published data on college students (see Mitrushina et al., 2005) . SOPT indices did not correlate with vocabulary performance, but SOPT errors, proactive interference scores, and perseverative errors did correlate with WAIS-III block design performance. Most SOPT indices correlated with WAIS-III Letter-Number Sequencing and WMS-III Spatial Span performance, and with the number of words recalled across CVLT-II trials 1-5. SOPT indices did not correlate with most other putative measures of executive functioning (e.g., WCST, COWAT, and Stroop Test) with some exceptions. Both SOPT total errors and span scores correlated significantly with RFFT Production Strategy scores (RFFT-PS) and the Note: SOPT-E = the # of total errors across parts 1-4; SOPT-S = the mean span score across all trials, span meaning the # of items pointed to correctly before the first error on a trial; SOPT-PI = the # of errors on trial 3 of parts Tower of Hanoi Planning Index (TOH-PL), which was calculated as the mean time to first move across items (see Table 2 ). Hierarchical multiple regression analyses were used to investigate whether TOH-PL and RFFT-PS scores would still predict SOPT performance after controlling for variance already accounted for by working memory capacity (e.g., LNS) and learning efficiency (e.g., CVLT-II trials 1-5). The regression analyses were performed on the 93 participants in the retest sample who completed these four measures. Using SOPT errors as the dependent variable, the total LNS scores and total words recalled across CVLT-II trials 1-5 were entered at step 1, followed by RFFT-PS and TOH-PL scores at step 2. When SOPT total errors were regressed on LNS and CVLT scores, the resulting model yielded R = .26 [F (2,90) = 3.18; p = .046)]. At step 2, RFFT-PS and TOH-PS scores accounted for a significant portion of variance in SOPT errors beyond that variance accounted for at step 1 [R = .43; R 2 change = .12, F (2,88) = 6.36, p = .003]. Subsequent hierarchical regression analyses were performed to examine the RFFT-PS and TOH-PL separately, in terms of their unique ability to predict SOPT errors after variance already accounted for at step 1; only RFFT-PS scores predicted SOPT errors [R = .40; R 2 change = .10, F (2,89) = 10.06, p = .002].
Data on strategy use were collected for descriptive purposes. For the initial sample of participants at time 1 (N = 170), 81.9% of persons were classified as strategy users. Of those that employed a strategy, 64% reported information classified as a predominately verbal approach, while 29% were classified as predominantly geometric and the remaining 7% were mixed (verbal and geometric). For those participants who were retested (N = 93), 78.9% were classified as strategy users at time 1 and 81.2% were classified as strategy users at time 2. For those retest participants who employed a strategy at time 1, 70% percent reported information classified as a predominately verbal approach, while 23% were classified as predominantly geometric and the remaining 7% were mixed (verbal and geometric). Nearly identical percentages of strategy-type categories were found for retest participants (N = 93) at time 2. Strategy users made significantly less SOPT errors (M = 10.63) as compared to those that did not employ a strategy (M = 14.04) [t (1,168) = 2.67; p = .009]. A one-way ANOVA was used to examine for differences in errors scores among those participants who employed verbal vs. geometric vs. mixed type strategies, and no differences were observed [Omnibus F (2,136) = 1.64; p = .198].
Discussion
This study is the first to examine the temporal stability of the SOPT using the original stimuli for the abstract-design version, so no prior studies are available for direct comparison. However, two other studies have reported correlations using other stimuli. Using Shimamura and Jurica's (1994) abstract-design stimuli, Chaytor and Schmitter-Edgecombe (2004) reported a reliability coefficient of r = .40 for SOPT total errors in a sample of 53 older adults (M age = 69; M education = 17 years) who were retested after 4 years. Although participants' mean error score did not differ at time 2 when compared to time 1, the lowest SOPT performance at time 2 was found for the oldest individuals and those with the least amount of education. Moreover, Chaytor and Schmitter-Edgecombe (2004) reported problems with selective attrition of their oldest participants. Archibald and Kerns (1999) reported a test-retest reliability coefficient of r = .76 in a sample of 18 children (M age = 10.03; S.D. = 1.72) using the representational-design version of the SOPT across a 4-month interval. Bryan and Luszcz (2001) examined SOPT error scores using a modified version of Shimamura and Jurica's (1994) stimuli in 60 younger (M age = 23.85; S.D. = 8.28) and 60 older (M age = 73.83; S.D. = 4.67) healthy adults. Although they did not assess test-retest reliability, Bryan and Luszcz reported that error scores correlated at r = .38 across the three trials, suggesting low internal consistency. Unfortunately, the authors did not report separate coefficients for each age group and it is unclear which method of internal consistency was used. The present study also noted low internal consistency (i.e., average inter-trial correlations), further highlighting the need to utilize a score that sums performance across several trials.
Due to significant methodological differences, direct comparisons between the present study and the two aforementioned examinations of test-retest reliability are difficult. The study by Chaytor and Schmitter-Edgecombe (2004) sought to identify changes in SOPT performance associated with advancing age, and the investigators employed a lengthy test interval. The low reliability reported by these investigators is not surprising given that longer testing intervals and maturation effects are both factors known to lower test-retest reliability (see Cohen & Swerdlik, 2005) . The present study's design, although employing different test stimuli and different sampling procedures, is more similar to that of Archibald and Kerns (1999) who employed a shorter testing interval, thereby reducing the potential for attenuation due to maturational factors. Archibald and Kerns, however, employed a lesser-used representational design version.
Given the dearth of studies in this area, the present study is likely the best available estimate of test-retest reliability and short-term practice effects to date. By employing the use of 93 young, healthy adult participants whose cognitive status was not expected to change between assessments, the study represents an ideal circumstance for initially evaluating the temporal stability of SOPT scores. One may speculate that a sample of patients (even patients of similar age and education) may have produced different results. However, examining the stability of scores for patients with known executive dysfunction (e.g., sub-cortical dementias, traumatic brain injury) would introduce more interpretive confounds than were present in this study. Clearly, investigators and clinicians must be cautious when interpreting SOPT indices other than the total number of errors, until temporal stability and other psychometric properties are examined further and improved upon.
Estimates of test-retest reliability using a shortened version of the SOPT were substantially lower. These findings are of practical significance to researchers and clinicians. The present findings suggest that investigators must use caution when developing shortened versions of the SOPT. Namely, the reliability is likely to be compromised and investigators should explore the impact of shortening this procedure within the context of their broader investigations. One may speculate that the impact on reliability may be lesser or greater depending on the degree to which the test is shortened and other factors specific to the use of different forms and unique patient populations.
The present study found that a large percentage of participants reported using some form of deliberate strategy to guide their responses. This figure is highly consistent the figure (80%) reported by Daigneault et al. (1992a) . Strategy users performed better as compared to those that did not employed any deliberate methods for establishing a sequence of responding, a finding also consistent with previous work (e.g., Daigneault & Braun, 1993; SchmitterEdgecombe & Chaytor, 2003) . Interestingly, the majority of strategy users reported information consistent with using a predominantly verbal approach to generating an internal strategy or sequence of responding; however, there were no observed differences between verbal versus geometric strategy users. Petrides and Milner (1982) originally developed several versions to vary the nature (verbal versus pictorial) and depth (high imagery versus low imagery) of encoding processes involving in their task. They found no significant differences between versions in terms of their sensitivity to frontal lesions; however, they did observe laterality effects for left temporal versus right temporal lesioned patients. It seems this abstract design version is fairly susceptible to verbal encoding strategies, and that this is the preferred mode for approaching this task among the majority of healthy persons.
The present study found no evidence for an impact of proactive interference on SOPT performance in healthy, young adults. This finding was consistent with several studies (e.g., Chaytor & Schmitter-Edgecombe, 2004; West et al., 1998) , including that of Shimamura and Jurica (1994) who also employed a sample of college undergraduates.
SOPT scores were not associated with WAIS-III Vocabulary performance; however, significant correlations were observed between SOPT indices and WAIS-III Block Design performance. This finding, along with the observed correlation between SOPT and WMS-III Spatial Span subtest scores, is interesting and suggests that the SOPT may assess some elements of visuospatial processing. Interestingly, Roth and Baribeau (1996) examined SOPT performance in sub-clinical compulsive checkers and found that groups who differed on the SOPT also differed on the WMS-R Visual Reproduction subtest, but did not on the WMS-R Logical Memory subtest. Moreover, these investigators observed group differences on the abstract design version, but not for the concrete (i.e., high imagery words) version of the SOPT (stimuli include a girl, a stove, etc.). They concluded that the impaired performance of participants on the abstract design version may be attributable in part due to visuospatial processing deficits. Schmitter-Edgecombe and Chaytor (2003) also report a significant association between SOPT performance WMS Visual Reproduction subtest scores in a sample of patients with closed head injury.
The low-to-absent correlations between the SOPT and most executive measures are generally consistent with prior studies (see Bryan & Luszcz, 2001; Daigneault et al., 1992b; Schmitter-Edgecombe & Chaytor, 2003; Strauss et al., 2006) . For the present study, the low correlations between the total error score with measures like the WCST and COWAT cannot be attributed to attenuation due to low reliability. Namely, the reliability of the SOPT errors scores was very good, and SOPT indices with low reliability (e.g., span scores) were still able to demonstrate shared variance with LNS and CVLT-II performance. Taken together, such findings suggest that the association between SOPT errors and putative measures of executing functioning can vary across populations, but is otherwise consistently modest across studies. Namely, these studies suggest that the SOPT is by no means redundant with other executive measures and likely reflects some unique abilities not reflected in the other measures examined. While the SOPT is similar to other executive measures in its sensitivity to frontal lobe lesions, it appears to assess distinct elements associated with the executive functioning meta-construct. Petrides (2000a) describes the SOPT as a measure of working memory requiring executive cognition (e.g., strategic responding and organization). The present findings appear to support the views of Petrides (2000a) and Strauss et al. (2006) .
SOPT errors correlated most highly with production strategy scores of the RFFT and the planning index (i.e., time to first move) for the TOH, indices purported to assess planning and strategy utilization (see Ruff, 1988) . Using hierarchical regression analyses, the present study found that RFFT-PS predicted SOPT errors, even after controlling for variance already accounted for by measures of working memory (LNS) and learning efficiency (CVLT-II trials 1-5). This finding was not observed for the TOH planning index, whereby its association with SOPT performance was better explained by shared variance with working memory capacity and learning. This measure has been criticized for not being a genuine measure of planning, as longer planning times are also observed when examinees respond incorrectly on this task (see Ahonniska, Ahonen, Aro, Tolvanen, & Lyytinen, 2000; Welsh, Cicerello, Cuneo, & Brennen, 1995) .
The SOPT appears to be tapping working memory capacity and learning efficiency, as evident by correlations with WAIS-III LNS, WMS-III Spatial Span, and CVLT-II performance. These findings are consistent with the few published studies that have examined the relationship between the SOPT and tests of working memory and learning (e.g., Bryan & Luszcz, 2001; Roth & Baribeau, 1996) ; however, these studies not did employ the same measures of working memory and learning used in the present study. The correlations between SOPT and memory measures in the present study, though slightly larger that those obtained for the executive measures, were modest and suggest that the SOPT is not simply redundant with tasks of working memory capacity or the ability to encoding information across trials. Overall, the present study suggests that the SOPT appears to assess a unique aspect of both executive function and working memory constructs. Moreover, the unique abilities assessed by the SOPT (e.g., strategy utilization) seem to involve a substantial spatial component, as SOPT performance did not correlate with other executive tasks that assess the utilization of verbally mediated strategies (e.g., phonemic clustering on the COWAT, semantic clustering on the CVLT-II).
The relative contributions of executive functioning and working memory to tasks such as the SOPT are ambiguous, and the complex relationship between these two cognition constructs is of great relevance to theories of prefrontal lobe function (e.g., Baddeley, 1986; Denckla, 1996; Fuster, 1985; Goldman-Rakic, 1987; Pennington, Bennetto, McAleer, & Roberts, 1996) . Fuster (1985) argued that the prefrontal cortex functions to mediate or bridge cross-temporal contingencies. That is, it directs and regulates behavior based on internal representations in the absence of any external (i.e., environmental) cues (see also, Goldman-Rakic, 1987) . Fuster (1985 Fuster ( , 1989 conceptualized three major processes involved in this form of prefrontal mediated working memory: a retrospective memory function that allows us to act on information that is no longer present; a prospective memory function that allows us to act on information that is not yet present; and an interference control mechanism to suppress irrelevant information that might otherwise interfere with the task at hand. One may speculate that the SOPT and RFFT production strategy scores reflect Fuster's notion of prospective memory to some degree. To Fuster (1989) , prospective memory functions to provide an anticipatory mental set to guide behavior. Each task seems to require the examinee to formulate a plan or strategy to guide future responses. While speculative at present, Fuster's model provides an interesting framework with which to explain the ambiguous relationship between executive functioning and working memory constructs as applied to measures that require planning and strategy formation. There are other models that seek to explain the divergent abilities represented across tests of executive function and how they in turn relate to working memory (e.g., Goldman-Rakic, 1987; Shallice & Burgess, 1991) and such work, beyond the scope of this investigation, awaits further research.
The present study was limited in that it included college students who were predominantly young and female, and it employed the use of a relatively short testing interval. In addition, the role of education could not be explored, as the sample was relatively homogeneous on this variable. Future research should examine the psychometric properties of the SOPT in large, diverse samples that include both patients and healthy controls. The psychometric properties of other SOPT stimuli should be explored, beyond those of the abstract design version. Finally, research is needed to further examine the divergent validity of the SOPT as a measure of executive function apart from working memory, and the inter-relationship between these constructs and the role of other factors (e.g., visuospatial skills). The correlations obtained in the present study, although significant, were relatively small and clearly other factors are related to SOPT performance.
